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Summary  The  performance  of  a  road  is  evaluated  from  time  to  time  so  as  to  improve  its  qual-
ity and  helps  in  planning  maintenance  of  roads.  For  this  purpose  various  pavement  deteriorating
models as  a  decision  tool  are  available.  But  they  are  not  easy  to  use  for  ﬁeld  engineers  due  to
either huge  past  data  requirement  or  complicated  calculations.  Therefore,  this  paper  presents
a Pavement  Performance  Index  for  rural  roads  by  using  simple  methodology.  The  distress  param-
eters of  rural  roads  were  identiﬁed  through  literature  review.  Similarly  rating  criteria  for  each
distress parameters  were  identiﬁed  through  literature.  For  ﬁnal  selection  of  distress  parame-
ters in  context  of  Indian  rural  road,  opinions  of  ﬁve  highly  experienced  industrial  experts  were
taken. After  that  the  weightage  for  severity  of  each  parameter  causing  distress  of  pavement  is
calculated by  using  data  of  questionnaire  survey  in  which  117  professionals  working  in  Pradhan
Mantri Gram  Sadak  Yojana  across  the  country  were  participated.  The  paper  suggests  a  formula
to decide  Pavement  Performance  Index  that  depends  on  rating  criterion  and  severity  weightage
of distress  parameters  of  pavement  performance.  The  study  concluded  that  suggested  Pave-
ment Performance  Index  makes  calculations  easy  for  ﬁeld  engineers  and  will  be  useful  to  decide
priority  list  of  rural  roads  for  repair  and  maintenance  schedule.
© 2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
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IntroductionRural  roads  comprise  85%  of  total  road  network  in
India.  Under  the  Pradhan  Mantri  Gram  Sadak  Yojana
 This article belongs to the special issue on Engineering and Mate-
rial Sciences.
∗ Corresponding author. Tel.: +91 07122801528;
fax: +91 07122223969.
E-mail address: abhaytawalare@civ.vnit.ac.in (A. Tawalare).
2
G
2
m
(
o
t
m
I
p
http://dx.doi.org/10.1016/j.pisc.2016.04.101
2213-0209/© 2016 Published by Elsevier GmbH. This is an open access art
licenses/by-nc-nd/4.0/).censes/by-nc-nd/4.0/).
PMGSY)  scheme  which  started  in  the  year  2000,  till
015  completed  length  of  rural  roads  is  430,557.96  km.
overnment  aims  to  complete  another  50,000  km  till
017.  Government  released  Rs.  17,800  crores  for
aintenance  of  rural  roads  during  2014—2015  years
http://pmgsy.nic.in/PFP  PMGSY  RTI2.pdf).  Maintenance
f  rural  roads  is  very  important  because  lack  of  main-
enance  of  these  roads  increases  the  time  for  access  to
arkets  and  other  social  infrastructure  to  rural  community.
f  present  performance  of  pavement  is  not  evaluated
roperly  then  it  is  difﬁcult  to  take  correct  decision  for
icle under the CC BY-NC-ND license (http://creativecommons.org/
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epair  and  maintenance  work  in  future.  Due  to  limited
nancial  resources  for  maintenance  of  rural  roads,  there  is
lways  need  to  have  decision  making  tool  which  will  decide
he  priority  of  particular  road  for  repair  and  maintenance.
Various  Pavement  deteriorating  models  as  a  decision  tool
re  available  in  literature.  Swarup  and  Agarwal  (2012)  eval-
ated  the  pavement  performance  for  rural  roads.  However,
uthors  did  not  consider  the  distress  parameters  of  the  roads
n  study  which  contribute  signiﬁcantly  in  rural  road  perfor-
ance.  Sunitha  et  al.  (2012)  found  visual  condition  index  for
ural  roads,  but  authors  did  not  consider  all  distress  factors
ike  rut  depth  ravelling  and  patching.  Saranya  et  al.  (2013)
valuated  the  pavement  performance  of  rural  roads  by
onsidering  the  pavement  construction  history  data,  struc-
ural  condition  data  and  functional  condition  data.  Due  to
imitations  on  getting  past  data  because  of  poor  record  keep-
ng  at  government  departments  poses  practical  difﬁculty
n  using  the  study.  Similarly,  Shah  et  al.  (2013)  found  out
he  individual  indices  of  distress,  roughness,  structural  and
kid  resistance  to  ﬁnd  over  all  pavement  condition  index
OPCI).  Similarly,  Reddy  and  Veeraragavan  (2001)  developed
he  priority  ranking  model  (PRM)  based  on  cracked  area,
nevenness,  area  of  potholes,  patched  area  and  rut  depth
nd  Alexandru  et  al.  (2013)  calculated  a  set  of  singular
erformance  indices  for  each  parameter  by  using  cost  354
ethod  to  ﬁnd  weightage.  However,  all  these  three  studies
mitted  the  parameters  like  condition  of  the  shoulders  and
rainage  characteristics.
Thus,  there  is  need  to  develop  the  Pavement  Perfor-
ance  Index  considering  all  the  parameters  like  unevenness,
kid  resistance,  pot  holes,  ravelling,  rut  depth,  edge  break,
ge,  width  and  thickness  of  the  pavement,  condition  of  the
houlders,  camber,  drainage  characteristics,  crack  length,
atching  and  bearing  capacity.  In  this  study  attempt  has
een  made  to  develop  Pavement  Performance  Index  depends
n  all  these  pavement  distress  parameters  and  simple  model
hich  will  be  useful  to  ﬁeld  engineers  of  PMGSY.
esearch methodology
his  study  adopted  wide  range  of  research  methods,  e.g.
iterature  review,  expert  opinions,  questionnaire  survey  and
xperiment  on  rural  road.  The  literature  review  was  carried
ut  to  ﬁnd  out  various  parameters  affecting  the  pavement
erformance.  In  total  22  pavement  deteriorating  parame-
ers  were  identiﬁed  from  literature  review.  However,  all
hese  22  parameters  might  not  be  signiﬁcant  to  decide  the
avement  performance  of  rural  roads.  To  select  the  nec-
ssary  parameters  from  the  list  of  22  parameters,  expert
pinions  were  taken  to  ﬁnalize  the  distress  parameters  with
ontext  to  Indian  rural  roads.  In  total  ﬁve  experts  having
xperience  of  more  than  25  years  in  rural  road  construc-
ion  and  maintenance  were  consulted  for  this  purpose.  The
xperts  were  asked  to  select  the  important  parameters  out
f  22  parameters  which  they  think  important  to  decide  pave-
ent  performance  of  rural  roads.  Each  expert  provided  the
ist  of  parameters  depending  on  their  experience.  At  the
ame  time  it  was  asked  to  clarify  why  he  had  selected  partic-
lar  parameters  and  rejected  others.  The  list  of  parameters
or  study  was  ﬁnalized  by  selecting  only  those  parameters
hich  were  selected  by  at  least  3  experts  out  of  5  experts.
i
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able  1  explains  the  rational  for  selecting  or  rejecting  partic-
lar  parameter.  Thus,  in  total  14  parameters  were  selected
s  deteriorating  parameters  of  pavement  performance  of
ural  roads.
The  questionnaire  was  prepared  to  decide  the  weightage
or  severity  of  each  parameter  contributing  to  deterioration
f  rural  roads.  The  respondents  were  asked  to  mark  sever-
ty  of  each  parameter  of  pavement  deterioration  from  10%
o  100%.  The  questionnaire  was  mailed  to  all  district  ofﬁces
f  Pradhan  Mantri  Gram  Sadak  Yojana  (PMGSY)  throughout
he  India.  This  survey  was  conducted  during  25th  February
o  20th  April  2015.  However,  responses  received  only  from
tate  of  Maharashtra  (34  Nos.),  Telangana  (27  Nos.),  Tamil-
adu  (7  Nos.),  Karnataka  (11  Nos.),  Chhattisgarh  (12  Nos.),
ujarat  (11  Nos.)  and  Odisha  (15  Nos.).  The  responses  did  not
eceive  from  remaining  states  of  India;  this  might  be  due  to
ncorrect  email  addresses.  In  total  117  responses  received.
he  average  experience  of  the  entire  respondent  was  18
ears.  The  data  obtained  from  questionnaire  was  analyzed
o  decide  the  weightage  of  each  parameter  in  deterioration
f  pavement.  This  weightage  of  each  parameter  is  to  be  used
o  ﬁnd  Pavement  Performance  Index  (PPI).  It  is  necessary
o  validate  the  result  obtained  from  Pavement  Performance
ndex  (PPI)  provide  the  actual  performance  of  the  road.  For
his  purpose  pilot  study  was  carried  out  on  rural  road  near
agpur.
ata analysis
ata  collected  from  questionnaire  survey  was  analyzed  to
nd  Cronbach  alpha  value  to  check  the  reliability  of  scale.
ronbach  alpha  value  is  0.88  which  is  greater  than  0.7.
his  implies  that  scale  was  highly  reliable.  To  normalize  the
eights  of  each  parameter,  AHP  was  used.  The  results  are
hown  in  Table  2. As  suggested  by  Saaty  (1994)  to  check
he  consistency  of  weightage,  Consistency  Index  (CI)  was
alculated  by  using  formula,
onsistency  Index  = X  −  m
m  −  1
here  ‘X’  is  the  average  of  weight  ages  and  ‘m’  is  the  indi-
idual  weightage.
A  perfect  decision  maker  should  get  CI  value  zero.  How-
ver,  small  toleration  less  than  0.1  are  acceptable.  The
ighest  Consistency  Index  found  out  to  be  0.028  which  was
ess  than  0.1.
avement Performance Index (PPI)
or  this  study  Pavement  Performance  Index  is  calculated
y  using  method  given  by  Jaung  and  Amirkhanian  (1992).
he  method  is  based  on  priority-ranking  model.  It  consists
f  assigning  relative  weights  (or  deducting  points)  to  vari-
us  levels  of  ﬂexible  pavement  distress  types  and  obtaining
 combined  condition  score  to  indicate  the  current  condi-
ion  of  a  roadway.  The  major  advantage  of  this  model  is
ts  simplicity  and  ease  of  use.  Pavement  Performance  Index
PPI)  is  sum  of  the  multiplying  rating  and  weightage  of  each
eteriorating  parameter.  Rating  of  each  pavement  deterio-
ating  parameter  can  be  obtained  from  distress  survey  and
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Table  1  Rationale  for  selection  or  rejection  of  particular  parameter  given  by  experts.
Parameters  Selection/rejection  Rationale
Longitudinal  unevenness
√
It  is  related  to  riding  comfort  and  fuel  consumption  of  vehicle.
Transverse unevenness  ×  Due  to  low  budget  roads  it  is  not  possible  to  provide  transverse
smoothness  during  construction.
Skid resistance
√
It  is  important  to  prevent  accidents.
Texture ×  Due  to  low  volume  and  low  budget  roads,  it  is  not  considered
important  parameter  during  construction.
Bearing capacity  (CBR)
√
If  CBR  is  low,  it  causes  structural  distress.
Pot holes
√
It  is  related  to  riding  comfort  and  it  is  one  of  the  structural
distresses.
Ravelling
√
It is  related  to  riding  comfort  and  it  is  one  of  the  structural
distresses.
Rut depth
√
It  is  related  to  riding  comfort  and  it  is  one  of  the  structural
distresses.
Alligator cracking
√
It  is  related  to  riding  comfort  and  it  is  one  of  the  structural
distresses.
Transverse cracking  ×  It  is  rarely  occurred  in  rural  roads.
Block cracking  ×  It  is  rarely  occurred  in  rural  roads.
Bleeding ×  Bleeding  rarely  occurs  in  rural  roads  because  of  low  volume  of
loading.
Patching
√
If patching  is  not  done  properly,  it  causes  further  deterioration  of
road.
Carriage width  and  thickness
√
If  carriage  width  is  less  than  designed  then  it  increases  the  shoulder
usage.
Drainage characteristics
√
It  is  important  to  avoid  damage  of  shoulders  and  edge  breaking.
Land use ×  Due  to  low  budget,  it  is  not  important.
Roughness  survey ×  Design  speed  is  less  hence  smoothness  is  not  important.
Vehicle damage  factor ×  It  is  depending  on  wheel  load  which  is  rarely  exceeds  the  estimated
wheel load  on  rural  road.
Edge break
√
After  edge  break,  CBR  of  subgrade  decreases.
Camber
√
It  provides  drainage  to  the  pavement.
Condition of  shoulders
√
It  is  important  while  overtaking  the  cross  vehicle.
Age
√
Pavement  deterioration  is  directly  proportional  to  age.
Table  2  Results  of  AHP.
Sr.  No.  Parameters  Weightage  in  %  Global  weightage
1  Unevenness  5.93%  0.0593
2 Skid  resistance  5.38%  0.0538
3 Bearing  capacity  8.92%  0.0892
4 Ravelling  5.77%  0.0577
5 Rutdepth  6.35%  0.0635
6 Potholes  6.98%  0.0698
7 Patching  6.37%  0.0637
8 Alligator  cracking  5.73%  0.0573
9 Carriage  way  width  and  thickness  7.80%  0.0780
10 Drainage  characteristics  8.76%  0.0876
11 Edge  break  6.60%  0.0660
12 Camber  8.45%  0.0845
13 Condition  of  shoulders  8.33%  0.0833
14 Age  8.63%  0.0863
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Table  3  Rating  criteria  for  each  defect  type.
Rating  defects  5  4  3  2  1  References
Range  of  distress
Cracking  (%)  >30  21—30  11—20  5—10  <5  MORT&H  (2004)
Ravelling  (%)  >30  11—30  6—10  1—5  <1  MORT&H  (2004)
Patching  (%)  >30  16—30  6—15  2—5  <2  MORT&H  (2004)
Rutting  (mm) >50  21—50  11—20  5—10  <5  MORT&H  (2004)
Potholes  (%) >1  0.6—1 0.5—0.1  0.1  0  MORT&H  (2004)
Edge  break  (%) 80—100 50—80 20—50 10—20 <10  Sunitha  et  al.  (2012)
Unevenness  <2500  2500—3500 3500—5000 5000—7000 >7000  Saranya  et  al.  (2013)
Skid  resistance  (age  in  years)  <1.5  1.5—3  3—4.5  4.5—6  >6  Eyad  et  al.  (2010)
Camber  (%)  >3.5  3—3.5  2.5—3  2—2.5  <2.5  Swarup  and  Agarwal  (2012)
CBR  (%)  >9  6—9  4—6  2—4  2  http://www.tnrd.gov.in/
buildings  design/Roads
Bridges.pdf
Age  (in  years)  <1  1—2  2—3.5  3.5—5  >5  Walker  et  al.  (2001)
Shoulder  condition  Very  good  Good  Fair  Poor  Very  poor  Visual  inspection
Drainage characteristics  Very  good  Good  Fair  Poor  Very  poor  Visual  inspection
Table  4  Results  from  road  survey.
Parameters  Weightages  (W)  Field  values  Rating  (R)  W*R
Unevenness  0.0593  5.90%  2  0.1186
Skid resistance  0.0538  3  years  4  0.2152
CBR 0.0892  3.5%  2  0.1784
Ravelling 0.0577  0.06%  5  0.2885
Rutdepth 0.0635  3  mm  5  0.3175
Potholes 0.0698  0.05%  5  0.349
Patching 0.0637  0.4%  5  0.3185
Cracking 0.0573  1.78%  5  0.2865
Carriage width  and  thickness 0.0780 3.32  m  and  20  cm  3  0.234
Drainage characteristics 0.0876 Fair  3  0.2628
Edge break 0.0660 5.38%  5  0.33
Camber 0.0845 3.1%  4  0.338
Condition of  shoulder 0.0833 Fair  3  0.2499
Age 0.0863 3  years 3  0.2589
Total Pavement  Performance  Index  3.746
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disual  inspection  of  shoulder  condition,  drainage  character-
stics.  Weightage  need  to  obtain  from  expert  survey.  The
ormula  used  to  evaluate  the  Pavement  Performance  Index
s  as  below,
PI  =
∑
(Ri ∗  Wi)
PI  =  Pavement  Performance  Index;  Ri =  rating  of  each
eteriorating  parameter  and  Wi =  weightage  of  each  dete-
iorating  parameter.The  weightage  for  each  parameter  is  given  in  Table  2  and
he  rating  of  each  parameter  can  be  decided  from  Table  3.
he  PPI  value  is  in  the  range  of  0—5.  PPI  ‘0’  represent
he  bad  performance  of  road,  ‘1’  represents  very  poor,  ‘3’
c
ﬁ
i
iepresents  fair  performance  and  ‘5’  represent  the  very  good
erformance.
alidation
or  validation  purpose  2  km  stretch  of  rural  road  was
elected  between  villages  Bokara  to  Godhni  near  Nagpur.
he  parameters  like  unevenness,  pothole  area,  crack  length,
BR,  patch  area,  rut  depth,  edge  break  length,  and  ravelling
rea  were  measured  by  conducting  actual  experiments.  Con-
ition  of  shoulder,  carriage  width  and  thickness,  drainage
haracteristics  were  found  by  visual  inspection.  Age  con-
rmed  from  PMGSY  ofﬁce.  The  results  obtained  are  given
n  Table  4.  The  Pavement  Performance  Index  is  3.746  this
mplies  that  the  pavement  performance  in  the  month  of
EJ
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R
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S
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April  2015  was  good  and  no  repair  and  maintenance  work
is  required  in  near  future.
Conclusions
The  objective  of  the  paper  is  to  develop  a  Pavement
Performance  Index  for  rural  roads  to  assess  the  perfor-
mance  of  these  roads.  Thus,  in  this  paper  various  pavement
deteriorating  parameters  were  identiﬁed  through  literature
review  at  the  same  time  the  knowledge  gap  in  the  lit-
erature  was  also  highlighted.  Through  expert  opinion  the
various  pavement  deteriorating  parameters  like  uneven-
ness,  skid  resistance,  CBR,  potholes,  ravelling,  rut  depth,
camber,  carriage  width  and  thickness,  drainage  conditions,
edge  break,  patching,  cracking,  condition  of  shoulder  and
age  were  identiﬁed  speciﬁcally  for  Indian  rural  roads.  To
calculate  Pavement  Performance  Index  simple  formula  is
suggested  which  depends  on  rating  and  weightage  of  each
deteriorating  parameter.  The  various  rating  criteria  for
each  parameter  are  tabulated  through  literature  review  and
weightage  for  each  parameter  was  calculated  through  ques-
tionnaire  survey.  This  formula  will  be  very  useful  to  ﬁeld
engineers  of  PMGSY  to  calculate  the  Pavement  Performance
Index  for  rural  roads.  The  PPI  will  be  useful  to  prepare  prior-
ity  list  of  rural  roads  for  repair  and  maintenance  schedule.
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